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TITLE OF THE INVENTION 

INFRARED RAY CUT FILTER AND 

METHODS FOR MANUFACTURING THE SAME 

5 BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an infrared ray cut filter used in an 
imaging apparatus that includes solid imaging elements and the like and to a 
manufacturing method therefore, and relates more specifically to an 
10 reflective -type infrared ray cut filter that uses a multilayer optical membrane. 

Description of the Related Art 

[0002] While human vision lacks sufficient optical sensitivity to perceive 
infrared light, i.e., light having a wavelength above approximately 700 

15 nanometers (nm), a CCD (charge coupled device) has a sensitivity that 
enables it to perceive infrared light up to a wavelength of about 1100 nm. As a 
result, an infrared ray cut filter is used in an imaging apparatus that employs 
solid imaging elements such as CCDs. An infrared ray cut filter has the 
characteristic of blocking infrared light while allowing visible light to pass 

20 through. Consequently, the imaging apparatus can obtain images with an 
optical sensitivity close to that of human beings while blocking infrared light 
from CCDs or other devices. 

[0003] Infrared ray cut filters include absorption-type and reflection-type 
filters. In an absorption-type infrared ray cut filter, infrared-absorbing metal 
25 ions are contained in glass. An absorption-type filter exhibits gradually 
decreasing light permeability as the light wavelength increases from 550 nm 
to 750 nm. This light permeability characteristic permits natural color 
reproduction with a sensitivity characteristic close to that of human vision, 
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but in order to obtain good light permeability, the glass must have a 
prescribed minimum thickness. As a result, it is difficult to make the imaging 
apparatus small in size. 

[0004] In a reflection-type infrared ray cut filter, on the other hand, a 
5 multilayer optical membrane that reflects infrared light is formed on glass. 
Because this type of filter can be realized by applying a multilayer optical 
membrane coating over an optical member incorporated in the imaging 
apparatus, and also because the multilayer membrane is thin, it is easy to 
make the imaging apparatus compact. However, the light permeability of a 
10 typical multilayer optical membrane filter decreases sharply between the 
permeable light range and the non-permeable light range. As a result, it is 
difficult to achieve natural color reproduction that closely reflects the 
sensitivity characteristic of human vision. 

[0005] A reflection-type infrared ray cut filter that eliminates the 
15 above-mentioned light permeability problem is known in the conventional art. 
By forming the multilayer optical membrane to include at least 34 layers each 
having a prescribed optical thickness, light permeability is made to decrease 
gradually as the wavelength increases from 550 nm to 750nm, in the same 
fashion as an absorption-type infrared ray cut filter. This technology is 
20 described in, for example, Japanese Laid-Open Patent No. 2000-314808. 

[0006] However, this type of reflective -type infrared ray cut filter must 
constitute a multilayer optical membrane composed of at least 34 thin 
membrane layers. Consequently, variations in optical thickness that occur 
when the various thin membrane layers are formed have a significant effect 
25 on the light permeability of the multilayer optical membrane as a whole, 
making it difficult to manufacture a product with stable light permeability. As 
a result, it is costly and time-consuming to manufacture this type of infrared 
ray cut filter. 
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[0007] The present invention was created in view of the foregoing, and an 
object thereof is to provide a reflection-type infrared ray cut filter and 
associated manufacturing method that can reduce the cost and time required 
for manufacture and increase manufacturing efficiency. 

5 

SUMMARY OF THE INVENTION 

[0008] In order to achieve the above object, the infrared ray cut filter of the 
present invention is an infrared ray cut filter comprising' a transparent 
substrate; and a multilayer membrane including multiple high-refractive 

10 index thin membranes of a high- refractive index material and multiple 
low-refractive index thin membranes of a low-refractive index material, which 
are laid on said transparent substrate in an alternating fashion, said 
multilayer membrane having thin membrane layers of no less than 16 but no 
more than 32, wherein* the first layer of said multilayer membrane from a 

15 side of said transparent substrate is one of said high-refractive index thin 
membranes and is formed to have an optical thickness of no less than A/4; the 
second layer of said multilayer membrane is formed to have an optical 
thickness of no less than A/4; each layer from the third layer through a 
prescribed layer of said multilayer membrane is formed to have an optical 

20 thickness of no more than A/4; each layer between said prescribed layer and 
the last layer of said multilayer membrane is formed to have an optical 
thickness of no less than A/45and said last layer is one of said low -refractive 
index thin membranes and is formed to have an optical thickness of no more 
than A/4, where A represents design wavelength. 

25 [0009] Using this infrared ray cut filter, a gradually decreasing light 
permeability characteristic as the wavelength increases from 550 nm to 750 
nm can be achieved by employing a multilayer optical membrane having no 
less than 16 but no more than 32 layers. As a result, the effect of variations in 
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the optical thickness of the thin membrane layers during formation thereof on 
the light permeability [of the multilayer membrane as a whole] can be reduced 
in comparison with the conventional infrared ray cut filter having 34 or more 
layers. As a result, the difficulty of manufacturing a stable product can be 
5 mitigated, allowing the time and cost involved in manufacture of the infrared 
ray cut filter to be reduced and increasing manufacturing efficiency. 
[00 10] The infrared ray cut filter of the present invention having the above 
construction can also have the constructions described below. The prescribed 
layer may be the sixth or seventh layer of the multilayer membrane from the 
10 side of the transparent substrate. According to this type of infrared ray cut 
filter, a light permeability characteristic closer to that of human vision can be 
obtained. 

[00 11] Furthermore, a medium -refractive index thin membrane composed of 
a medium-refractive index material may be disposed between the transparent 

15 substrate and the multilayer membrane. According to this type of infrared ray 
cut filter, because the multilayer membrane can be easily removed from the 
transparent substrate using a remover, the membrane can be easily re-formed 
even in the event of a defect in the formation of the multilayer membrane. 
Moreover, the adhesion between the transparent substrate and the multilayer 

20 membrane can be increased. Furthermore, fluctuations in light permeability 
within the visible light range due to a difference in the refractive indices of the 
transparent substrate and the first high-refractive index thin membrane layer 
can be prevented. 

[0012] The high-refractive index thin membrane layers may be made from 
25 TiC>2, while the low-refractive index thin membrane layers may be made from 
Si02 or MgF2. The medium-refractive index thin membrane may be made 
from AI2O3. The techniques for forming a membrane using these materials are 
widely known and implemented in the conventional art. As a result, 
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manufacturing can be performed using existing equipment without the need 
for special forming technology. 

[0013] The manufacturing method for the infrared ray cut filter of the 
present invention is a manufacturing method for an infrared ray cut filter 
5 comprising a transparent substrate and a multilayer membrane including 
multiple high-refractive index thin membranes of a high-refractive index 
material and multiple low -refractive index thin membranes of a low-refractive 
index material, said multilayer membrane having thin membrane layers of no 
less than 16 but no more than 32, the method comprising the steps of forming 

10 a first layer in the first position on said transparent substrate with said 
high- refractive index material and to have an optical thickness of no less than 
A/4; forming a second layer in the second position on said transparent 
substrate with said low -refractive index material and to have an optical 
thickness of no less than A/4; forming plural layers from a third layer through 

15 a prescribed layer with said high-refractive index material and said 
low-refractive index material which are laid in an alternating fashion and 
each layer to have an optical thickness of no more than A/4; forming plural 
layers between said prescribed layer and a last layer in the last position on 
said transparent substrate with said high-refractive index material and said 

20 low-refractive index material which are laid in an alternating fashion and 
each layer to have an optical thickness of no less than A/4; and forming said 
last layer with said low-refractive index material and to have an optical 
thickness of no more than A/4, where A represents design wavelength. 
[0014] According to this manufacturing method for an infrared ray cut filter, 

25 an infrared ray cut filter having a gradually decreasing light permeability 
characteristic as the wavelength increases from 550 nm to 750 nm can be 
manufactured by forming a multilayer membrane having no less than 16 but 
no more than 32 layers. Consequently, the effect of variations in the optical 
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thickness of the thin membrane layers during formation thereof on the light 
permeability [of the multilayer membrane as a whole] can be reduced in 
comparison with the conventional infrared ray cut filter having 34 or more 
layers. As a result, the difficulty of manufacturing a stable product can be 
5 mitigated, thereby allowing the time and cost involved in manufacture of the 
infrared ray cut filter to be reduced and increasing manufacturing efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 shows the basic construction of the infrared ray cut filters of the 
10 first through sixth embodiments of the present invention; 

[0016] Fig. 2 shows one example of the optical thicknesses of the thin 
membrane layers comprising a 16~layer multilayer membrane 200 of the first 
embodiment; 

[0017] Fig. 3 shows one example of the optical thicknesses of the thin 
15 membrane layers comprising an 18-layer multilayer membrane 200 of a 
second embodiment; 

[0018] Fig. 4 shows one example of the optical thicknesses of the thin 
membrane layers comprising a 20-layer multilayer membrane 200 of a third 
embodiment; 

20 [0019] Fig. 5 shows one example of the optical thicknesses of the thin 
membrane layers comprising a 22-layer multilayer membrane 200 of a fourth 
embodiment; 

[0020] Fig. 6 shows one example of the optical thicknesses of the thin 
membrane layers comprising a 241ayer multilayer membrane 200 of a fifth 
25 embodiment; 

[0021] Fig. 7 shows one example of the optical thicknesses of the thin 
membrane layers comprising a 26-layer multilayer membrane 200 of a sixth 
embodiment; 
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[0022] Fig. 8 shows the respective light permeability characteristics of the 
various infrared ray cut filters 10 that include the multilayer membranes 200 
described in the first through sixth embodiments! 

[0023] Fig. 9 shows one example of the optical thicknesses of the thin 
5 membrane layers comprising an 18-layer multilayer membrane 200 of a 
seventh embodiment; 

[0024] Fig. 10 shows one example of the optical thicknesses of the thin 
membrane layers comprising a 20-layer multilayer membrane 200 of an 
eighth embodiment; 

10 [0025] Fig. 11 shows the respective light permeability characteristics of the 
various infrared ray cut filters 10 that include the multilayer membranes 200 
described in the seventh and eighth embodiments; 

[0026] Fig. 12 shows the basic construction of an infrared ray cut filter 30 of a 
ninth embodiment; 

15 [0027] Fig. 13 shows one example of the optical thicknesses of the thin 
membrane layers comprising the one-layer medium-refractive index thin 
membrane 300 and 20-layer multilayer membrane 200 of the ninth 
embodiment; 

[0028] Fig. 14 shows the light permeability characteristic of the infrared ray 
20 cut filter 30 of the ninth embodiment; and 

[0029] Fig. 15 shows the basic steps of the manufacturing method for the 
infrared ray cut filter 30. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 [0030] In order to further clarify the construction and operation of the 
present invention described above, embodiments of the infrared ray cut filter 
that employs the present invention will be described below. 
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[0031] First, the infrared ray cut filters 10 of the first through sixth 
embodiments comprising one aspect of the present invention will be described. 
Fig. 1 is an explanatory drawing showing the basic construction of the 
infrared ray cut filters 10 of the first through sixth embodiments. An infrared 
5 ray cut filter 10 is composed by forming a multilayer membrane 200 composed 
of multiple layers of a high-refractive index thin membrane 210 made of a 
high- refractive index material and a low-refractive index thin membrane 210 
made of a low-refractive index material that are laminated in an alternating 
fashion on a glass substrate 100. This multilayer membrane 200 is composed 

10 of no less than 16 but no more than 26 of these thin membranes. The first 
layer of the multilayer membrane 200 from the side of the glass substrate 100 
is a high-refractive index thin membrane layer 210, while, the last layer (the 
n th layer shown in Fig. l) is a low -re tractive index thin membrane layer 220. 
In other words, the multilayer membrane 200 is composed of an even number 

15 of no less than 16 but no more than 32 layers, and among these layers, the 
even-numbered layers are high-refractive index thin membranes 210 and the 
odd-numbered layers are low -refractive index thin membranes 220. In the 
description below, the thin membrane layers that comprise the multilayer 
membrane 200 are referred to sequentially as the 'first 1 , 'second', etc. layer up 

20 to the last' layer from the side of the glass substrate 100. 

[0032] The glass substrate 100 is made of transparent crystal. This glass 
substrate 100 may also constitute an optical component such as an optical 
low-pass filter. Titanium dioxide (Ti02) is used for the high-refractive index 
thin membranes 210 as a high-refractive index material. Silicon dioxide (SiC>2) 

25 is used as the low refractive index material in the low-refractive index thin 
membranes 220. 

[0033] The optical thicknesses of the various thin membranes comprising the 
multilayer membrane 200 in the first through sixth embodiments will now be 



described. Fig. 2 is shows one example of the optical thicknesses of the thin 
membrane layers comprising a 16-layer multilayer membrane 200 of the first 
embodiment. Fig. 3 also shows the second embodiment with an 18-layer 
multilayer membrane 200. Fig. 4 also shows the third embodiment with a 
5 20-layer multilayer membrane 200. Fig. 5 also shows the fourth embodiment 
with a 22-layer multilayer membrane 200. Fig. 6 also shows the fifth 
embodiment with a 24-layer multilayer membrane 200. Fig. 7 also shows the 
sixth embodiment with a 26-layer multilayer membrane 200. In Figs. 2 
through 7, for each thin membrane layer comprising the multilayer 

10 membrane 200, layer 1 , 'material' and ' optical thickness' are shown. The value 
for the 'optical thickness' parameter indicates the optical thickness of the 
layer where the wavelength of the light within each layer is deemed '1'. 
[0034] The thin membranes comprising the multilayer membrane 200 shown 
in Figs. 2 through 7 are formed with optical thicknesses of approximately X/4, 

15 based on a design wavelength X of 750 nm. The first and second layers of the 
multilayer membrane 200 are formed with optical thicknesses of X/4 or higher. 
Layers from the third layer to a prescribed layer are formed with optical 
thicknesses of X/4 or lower. This prescribed layer is the 7 th layer in the 
20-layer multilayer membrane 200 of the third embodiment shown in Fig. 4, 

20 and the 6 th layer in the multilayer membrane 200 of all embodiments other 
than the third embodiment. The layers between this prescribed layer and the 
last layer are formed with optical thicknesses of X/4 or higher. The last layer is 
formed with an optical thickness of X/4 or lower. The physical thickness of 
each layer is expressed as {design wavelength X} x {optical thickness} / 

25 {refractive index of thin membrane material}. Here, the refractive index of 
titanium dioxide (TiC>2) is known to be 'approximately 2.3' and the refractive 
index of silicon dioxide (SiC>2) is known to be 'approximately 1.46'. 
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[0035] The light permeability characteristic of the infrared ray cut filters 10 
of the first through sixth embodiments will now be described. Fig. 8 is an 
explanatory drawing showing the respective light permeability characteristics 
of the various infrared ray cut filters 10 that include the multilayer 
5 membranes 200 of the first through sixth embodiments. In Fig. 8, the light 
wavelength is shown on the horizontal axis and the light permeability is 
shown on the vertical axis. The curves La through Lf in Fig. 8 show the 
respective light permeability characteristics of the infrared ray cut filters 10 
that include the multilayer membranes 200 shown in Figs. 2 through 7. The 
10 curve Lg in Fig. 8 shows the light permeability characteristic of an 
absorption-type infrared ray cut filter. In other words, the curve Lg shows the 
ideal light permeability characteristic for natural color reproduction 
approaching the sensitivity of human vision. 

[0036] As shown in Fig. 8, the light permeability characteristics of the 
15 respective infrared ray cut filters 10 exhibit a light permeability of at least 
90% for light in the wavelength band of 400-550 nm. Light permeability 
decreases gradually in the wavelength band of 550-750 nm, and falls to 10% or 
lower in the wavelength band of 750-1050 nm. Accordingly, the respective 
light permeability characteristics La through Lf of the infrared ray cut filters 
20 10 of the first through sixth embodiments are essentially identical to the light 
permeability characteristic Lg of the absorption-type infrared ray cut filter. As 
is clear from Fig. 8, as the number of thin membrane layers in the multilayer 
membrane 200 increases, the degree of fluctuation in the light permeability 
characteristic decreases. 
25 [0037] According to the infrared ray cut filters 10 of the first through sixth 
embodiments described above, a light permeability characteristic wherein 
light permeability decreases gradually as the wavelength increases from 550 
nm to 750 nm can be attained using a multilayer membrane 200 having no 
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less than 16 but no more than 26 layers. Consequently, the effect on the light 
permeability characteristic of variations in the optical thicknesses of the thin 
membrane layers during membrane formation can be reduced in comparison 
with the conventional infrared ray cut filter having 34 or more layers. As a 
5 result, the difficulty of manufacturing a stable product can be mitigated, 
thereby allowing the time and cost involved in manufacture of the infrared ray 
cut filter to be reduced and increasing manufacturing efficiency. The first 
through sixth embodiments showed a multilayer membrane 200 having 
between no more than 16 but no less than 26 layers, but the same light 

10 permeability characteristic can be achieved with a multilayer membrane 200 
having no less than 28 but no more than 32 layers. Furthermore, the optical 
thickness values for the various layers are not limited to the values described 
in Figs. 2 through 7 above, and can be freely changed within the membrane 
thickness condition described above in view of the desired light permeability 

15 characteristic and manufacturing efficiency. 

[0038] The infrared ray cut filters 10 of the seventh and eighth embodiments 
will now be described. The infrared ray cut filters 10 of the seventh and eighth 
embodiments differ from the second and third embodiments in that 
magnesium fluoride (MgF2) is used as the lowrefractive index material in the 

20 low-refractive index thin membranes 220, but is identical in all other aspects. 
The basic construction of the infrared ray cut filters 10 of the seventh and 
eighth embodiments is as shown in Fig. 1 above. Titanium dioxide (TiC>2) is 
used in the high-refractive index thin membranes 210 as a high -refractive 
index material. Magnesium fluoride (MgF2) is used as the low-refractive index 

25 material in the lowrefractive index thin membranes 220 in place of silicon 
dioxide (SiC>2). 

[0039] The optical thicknesses of the various thin membranes that comprise 
the multilayer membranes 200 of the seventh and eighth embodiments will 
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now be described. Fig. 9 is an explanatory drawing showing one example of 
the optical thicknesses of the thin membranes comprising an 18-layer 
multilayer membrane 200 of the seventh embodiment. Fig. 10 is an 
explanatory drawing showing one example of the optical thicknesses of the 
5 thin membranes comprising a 201ayer multilayer membrane 200 of the 
eighth embodiment. In Figs. 9 and 10, for each thin membrane layer 
comprising the multilayer membrane 200, layer', 'material' and 'optical 
thickness' are shown. The value for the 'optical thickness' parameter indicates 
the thickness of the layer where the wavelength of the light within each layer 
10 is deemed T. 

[0040] The thin membranes comprising the multilayer membranes 200 
shown in Figs. 9 and 10 are formed with optical thicknesses of approximately 
A/4, based on a design wavelength A of 750 nm. The first and second layers of 
the multilayer membranes 200 are formed with optical thicknesses of A/4 or 

15 higher. The third through sixth layers are formed with optical thicknesses of 
A/4 or lower. The layers between the sixth and the last layers are formed with 
optical thicknesses of A/4 or higher. The last layer is formed with an optical 
thickness of A/4 or lower. The physical thickness of each layer is expressed as 
{design wavelength A} x {optical thickness} / {refractive index of thin 

20 membrane material}. Here, the refractive index of titanium dioxide (TiC>2) is 
known to be 'approximately 2.3' and the refractive index of magnesium 
fluoride (MgF2) is known to be 'approximately 1.38'. 

[0041] The light permeability characteristics of the infrared ray cut filters 10 
of the seventh and eighth embodiments will now be described. Fig. 11 is an 
25 explanatory drawing showing the respective light permeability characteristics 
of the infrared ray cut filters 10 that include the multilayer membranes 200 of 
the seventh and eighth embodiments. In Fig. 11, the light wavelength is 
shown on the horizontal axis and the light permeability is shown on the 
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vertical axis. The curve Lh in Fig. 11 shows the light permeability 
characteristic of the infrared ray cut filter 10 that includes the multilayer 
membrane 200 of the seventh embodiment shown in Fig. 9. The curve Li in 
Fig. 11 shows the light permeability characteristic of the infrared ray cut filter 
5 10 that includes the multilayer membrane 200 of the eighth embodiment 
shown in Fig. 10. The curve Lg in Fig. 11 shows the light permeability 
characteristic of an absorption-type infrared ray cut filter. 

[0042] As shown in Fig. 11, the light permeability characteristics of the 
respective infrared ray cut filters 10 of the seventh and eighth embodiments 

10 exhibit a light permeability of at least 90% for light in the wavelength band of 
400-550 nm. Light permeability decreases gradually in the wavelength band 
of 550-750 nm, and falls to 10% or lower in the wavelength band of 750-1050 
nm. Accordingly, the respective light permeability characteristics Lh and Li of 
the infrared ray cut filters 10 of the seventh and eighth embodiments are 

15 essentially identical to the light permeability characteristic Lg of the 
absorption-type infrared ray cut filter. 

[0043] According to the infrared ray cut filters 10 of the seventh and eighth 
embodiments described above, a light permeability characteristic equivalent 
to that obtained with the first through sixth embodiments can be achieved. 

20 While the seventh and eighth embodiments involved a multilayer membrane 
200 composed of 18 or 20 layers, respectively, the same light permeability 
characteristic can be achieved using a multilayer membrane 200 composed of 
16 layers or no less than 22 but no more than 32 layers as well. Moreover, the 
optical thickness values for the various layers are not limited to the values 

25 described in Figs. 9 and 10, and can be freely changed within the membrane 
thickness condition described above in view of the desired light permeability 
characteristic and manufacturing efficiency. 
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[0044] The infrared ray cut filter 30 of the ninth embodiment will now be 
described. Fig. 12 is an explanatory drawing showing the basic construction of 
the infrared ray cut filter 30 of the ninth embodiment. The infrared ray cut 
filter 30 of the ninth embodiment differs from the infrared ray cut filter 10 of 
5 the third embodiment in that a medium-refractive index thin membrane 300 
made of a medium -refractive index material is disposed between the glass 
substrate 100 and the multilayer membrane 200, but is identical in all other 
aspects. Aluminum oxide (AI2O3) is used as the medium-refractive index 
material in the medium-refractive index thin membrane 300. 

10 [0045] The optical thicknesses of the various thin membranes that comprise 
the multilayer membrane 200 of the ninth embodiment will now be described. 
Fig. 13 is an explanatory drawing showing one example of the optical 
thicknesses of the thin membranes comprising the one -layer 
medium-refractive index thin membrane 300 and 20-layer multilayer 

15 membrane 200 of the ninth embodiment. In Fig. 13, for each thin membrane 
layer comprising the multilayer membrane 200, 'layer', 'material' and 'optical 
thickness' are shown. The value for the 'optical thickness' parameter indicates 
the thickness of the layer where the wavelength of the light within each layer 
is deemed T. 

20 [0046] The thin membranes comprising the multilayer membrane 200 shown 
in Fig. 13 are formed with optical thicknesses of approximately A/4, based on a 
design wavelength X of 750 nm. The medium -refractive index thin membrane 
300 is formed with an optical thickness of A/4 or lower. The first and second 
layers of the multilayer membrane 200 are formed with optical thicknesses of 

25 A/4 or higher. The third through sixth layers are formed with optical 
thicknesses of A/4 or lower. The layers between the sixth and the last layers 
are formed with optical thicknesses of A/4 or higher. The last layer is formed 
with an optical thickness of A/4 or lower. The physical thickness of each layer 
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is expressed as {design wavelength X} x {optical thickness} / {refractive index 
of thin membrane material}. Here, the refractive index of titanium dioxide 
(TiC>2) is known to be 'approximately 2.3', the refractive index of silicon dioxide 
(Si02) is known to be 'approximately 1.46', and the refractive index of 
aluminum oxide (AI2O3) is known to be 'approximately 1.64'. 
[0047] The light permeability characteristic of the infrared ray cut filter 30 of 
the ninth embodiment will now be described. Fig. 14 is an explanatory 
drawing showing the light permeability characteristic of the infrared ray cut 
filter 30 of the ninth embodiment. In Fig. 14, the light wavelength is shown on 
the horizontal axis and the light permeability is shown on the vertical axis. 
The curve Lc in Fig. 14 shows the light permeability characteristic of the 
infrared ray cut filter 10 that includes the 20-layer multilayer membrane 200 
of the third embodiment shown in Fig. 8. The curve Lc* in Fig. 14 shows the 
light permeability characteristic of the 21 -layer infrared ray cut filter 30 of the 
ninth embodiment shown in Fig. 13. The curve Lg in Fig. 14 shows the light 
permeability characteristic of an absorption-type infrared ray cut filter. 
[0048] As shown in Fig. 14, the light permeability characteristic Lc* of the 
infrared ray cut filter 30 of the ninth embodiment exhibits a light 
permeability of at least 90% for light in the wavelength band of 400-550 nm. 
Light permeability decreases gradually in the wavelength band of 550-750 nm, 
and falls to 10% or lower in the wavelength band of 750-1050 nm. Accordingly, 
the light permeability characteristic Lc* the infrared ray cut filter 30 of the 
ninth embodiment is essentially identical to the light permeability 
characteristic Lg of the absorption-type infrared ray cut filter. Moreover, the 
light permeability characteristic Lc* of the infrared ray cut filter 30 exhibits 
less rippling within the 400-550 nm visible light range than the light 
permeability characteristic Lc of the infrared ray cut filter 10 of the third 
embodiment. 



15 



[0049] According to the infrared ray cut filter 30 of the ninth embodiment 
described above, the same effect as that obtained with the third embodiment 
can be obtained, and fluctuations in light permeability within the visible light 
spectrum range due to a difference in the refractive indices of the transparent 
substrate 100 and the first high-refractive index thin membrane layer 210 can 
be prevented. In addition, because the multilayer membrane 200 can be easily 
removed from the transparent substrate 100 using a remover, the membrane 
can be easily re-formed even in the event of a defect in the formation of the 
multilayer membrane 200. Moreover, the adhesion between the transparent 
substrate 100 and the multilayer membrane 200 can be increased. In the ninth 
embodiment, a medium-refractive index thin membrane 300 was disposed in 
the 20-layer infrared ray cut filter 10 of the third embodiment, but the same 
effect can be obtained where the medium -refractive index thin membrane 300 
is disposed in the infrared ray cut filters 10 of the first through eighth 
embodiments having no less than 16 but no more than 32 layers. In addition, 
the optical thickness values of the various layers are not limited to the values 
shown in Fig. 13, and can be freely changed within the membrane thickness 
condition described above in view of the desired light permeability 
characteristic and manufacturing efficiency. 

[0050] The manufacturing method for the infrared ray cut filter 30 of the 
embodiment shown in Fig. 12 will now be described. Fig. 15 is an explanatory 
drawing showing the basic steps of the manufacturing process for the infrared 
ray cut filter 30. In this manufacturing process, titanium dioxide (Ti02) is 
used in the high-refractive index thin membranes 210 as a high-refractive 
index material, silicon dioxide (SiC>2) is used in the low -refractive index thin 
membranes 220 as a low-refractive index material, and aluminum oxide 
(AI2O3) is used in the medium-refractive index thin membrane 300 as a 
medium-refractive index material. 
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[0051] When the infrared ray cut filter 30 is to be manufactured, first, a glass 
substrate 100 is prepared (step S100). A medium refractive index thin 
membrane 300 is formed on the prepared glass substrate 100 with a 
prescribed membrane thickness (such as the optical thickness shown in Fig. 
5 13) (step S200). The infrared ray cut filter 20 shown in Fig. 1 can be 
manufactured by omitting this step of forming the medium-refractive index 
thin membrane 300 (step S200). 

[0052] After the medium -refractive index thin membrane 300 is formed (step 
S200), a high-refractive index thin membrane 210 constituting a first layer is 
10 formed on this medium-refractive index thin membrane 300 with an optical 
thickness of no less than A/4 (step S300). A low -refractive index thin 
membrane 220 constituting a second layer is then formed on this first-layer 
high-refractive index thin membrane 210 with an optical thickness of no less 
than A/4 (step S400). 

15 [0053] Next, as the third layer up to a prescribed layer (the sixth layer in the 
example shown in Fig. 13), high-refractive index thin membranes 210 and 
low-refractive index thin membranes 220 are formed with thicknesses of no 
more than A/4 on top of the second-layer low-refractive index thin membrane 
220 in an alternating fashion (step S500), and the layers between the 

20 prescribed layer and the last layer (the seventh through 19 th layers in the 
example shown in Fig. 13) are formed over the prescribed layer in an 
alternating fashion with optical thicknesses of no less than A/4 (step S600). 
[0054] The infrared ray cut filter 30 is then completed by forming a 
low-refractive index thin membrane 220 as the last layer with an optical 

25 thickness of no more than A/4. 

[0055] While embodiments of the present invention have been described 
above, the present invention is not limited in any way by these embodiments, 
and various implementations of the invention are naturally possible within 
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the essential scope thereof. For example, the glass substrate need not be made 
of crystal, and may be formed of any material that has a refractive index that 
is lower than that of the high-refractive index material. Moreover, the present 
invention need not be integrally formed with an optical component, and may 
5 comprise an independent infrared ray cut filter. In addition, the 
high-refractive index material need not constitute titanium dioxide (TiCb), 
and may instead constitute tantalum pentoxide (Ta20s), zirconium dioxide 
(ZrC>2), hafnium dioxide (HfC>2) or the like. The low -refractive index material 
may constitute silicon dioxide (Si02), magnesium fluoride (MgF2) or the like. 
10 Aluminum oxide (AI2O3), a medium-refractive index material, may be used 
instead of the low -refractive index material. These materials may be used 
individually or in combination. 
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